1. Introduction {#sec1}
===============

Taeniidae is among the most studied family of cestodes due to its worldwide distribution, common occurrence in domestic animals, economic impact and immense public health importance. All taeniids use mammals both as definitive and intermediate hosts, having a complex life cycle which exploits the predator-prey relationships ([@bib3]). The life cycle and host spectrum was studied in detail for some species of Taeniidae, mainly those with zoonotic potential (e.g. *Echinococcus granulosus*, *E. multilocularis*, *Taenia solium*). However, some species remain poorly known, and their real host spectrum, including the zoonotic potential, is largely unexplored. Humans are dead-end hosts for larval cestodes due to ecological factors and their position in the food chain. However, non-human primates may serve as true intermediate hosts, as large predators often prey on them ([@bib11]). Understanding the role of primates in the life cycle of various species of *Taenia* can shed light on their ecology and contribute to the understanding on their zoonotic and public health importance.

Several species of the family Taeniidae are known to have monocystic polycephalic larval stages, known as coenurus type larvae and causing the disease "coenurosis". The most commonly reported are the zoonotic *Taenia multiceps* (circulating between Canidae and Hyaenidae and ruminants) and *T. serialis* (Canidae, Hyaenidae and lagomorphs, rodents, primates) ([@bib34]; [@bib16]). However, a reliable morphological differentiation between *T. serialis* and *T. multiceps* is possible only for adult stages collected from the intestines of definitive hosts. Although rostellar hook length has been suggested for larval differentiation, such criteria are not currently considered reliable to differentiate *T. serialis* from *T. multiceps* ([@bib25]). Many authors assigned coenurus larvae to species based on the host and/or anatomic location, however, these are not consistent differentiation criteria ([@bib25]). Hence, most of the reports of coenurus type larvae in various hosts cannot be reliably assigned to the species only if molecular tools are employed ([@bib25]). Therefore, previous records were species were identified using only morphological criteria should be treated with caution.

With this view, our aim was to identify to species level larval tapeworms found in an olive baboon, *Papio anubis*, characterize it molecularly to confirm its identity and discuss the importance of our finding in the light of the parasite\'s ecology and conservation medicine.

2. Materials and methods {#sec2}
========================

In March 2017, a juvenile (ca. 6 months old) male olive baboon (*Papio anubis*) was brought to the only primate rescue center in Benin (ATO -- Monkey Conservation Center - Veronique Tessier, Manigri village, Bassila commune, Donga Department, Benin) with multiple subcutaneous swellings of unknown aetiology. Swellings were visible and palpable through the skin and located in various regions of the body. The swellings had developed while the baboon was held captive in a private yard with stray dogs permanently present in the same enclosure.

Following two surgical procedures performed eight months (December 2017) and ten months (February 2018) after the arrival in the center, several cyst-like structures were removed from the subcutaneous and intermuscular tissues. Some were analyzed under microscope directly after the surgery and the remaining were placed either in 10% formalin (for further morphological analysis), or in absolute ethanol (for DNA extraction).

Genomic DNA was extracted from one cyst using a commercially available kit (Isolate II Genomic DNA Kit, Bioline, UK). The molecular characterization was performed by PCR amplification and sequencing (Macrogen Europe) of a region of the nuclear ITS-2 rDNA and a fragment of the mitochondrial 12S rDNA gene, using previously published primers and protocols ([@bib8]; [@bib35]). The sequences were compared to other sequences from the GenBank database by Basic Local Alignment Search Tool (BLAST) analysis.

Sequences of the 12S s rDNA gene of cestodes with coenurus type larvae were downloaded from GenBank and aligned using Mega X software ([@bib14]). For the phylogenetic analyses, 21 sequences were included (320 bp) and the tree was constructed using the Maximum Likelihood method and General Time Reversible model ([@bib31]). The support for clades was assessed by bootstrap resampling (1000 replicates). The tree was rooted by using *Echinococcus granulosus* as outgroup.

3. Results {#sec3}
==========

3.1. Case presentation {#sec3.1}
----------------------

Fifteen partially mobile masses of variable size (from 1 cm to 6 cm) were observed across the juvenile baboon\'s body upon its arrival to the rescue center in March 2017. Swellings were located mainly in the ventral abdominal and thoracic regions (8 cysts), in the dorsal region close to the thoracic vertebrae (4 cysts), on the inner part of the forelegs (2 cysts) and in the intermandibular region (1 cyst) ([Fig. 1](#fig1){ref-type="fig"}). The general state of the animal was otherwise normal, with no other clinical symptoms. The baboon was maintained under observation in the rescue center, firstly in quarantine, isolated from the other baboons, and then with other juveniles as it seemed not directly contagious. Although the general state remained unchanged, the size and number of palpable swellings increased and, as a consequence, 8 months after the arrival of the baboon to the center, the decision to perform an exploratory surgery was taken by the vet. Following an anaesthetic protocol (Acepromazine 0.2 mg/kg IM + Ketamine 10 mg/kg IM + Buprenorphine 0.02 mg/kg IM), surgery was performed in December 2017, and five cyst-like structures were removed. Most of the cysts were located in the intermuscular connective tissue. Only one cyst was located directly in the subcutaneous tissue. The cysts appeared as bladder-like structures, with a transparent or semi-transparent membrane, with clear fluid and multiple small white structures. As the remaining cysts continued to increase in size, the baboon underwent a second surgery in February 2018, when seven more cysts, with similar location and morphology were removed. Three remaining cysts that could be palpated were not removed because of their location and complicated surgical procedure required. These three cysts did not continue to grow or to resorb through the following months. No other baboons in the center presented similar clinical findings.Fig. 1Clinical presentation of the baboon with the clear presence of swellings in various areas of the body: ventral abdominal and thoracic parts, inner part of forearms, intermandibular region (arrow heads) and dorsal region also.Fig. 1

3.2. Parasite identification {#sec3.2}
----------------------------

Macroscopically, the cysts had a typical coenurus-like morphology (presence of multiple protoscolices) ([Fig. 2](#fig2){ref-type="fig"}, [Fig. 3](#fig3){ref-type="fig"}).Fig. 2Macroscopic appearance of a *Taenia serialis* cyst during surgery, located in intermuscular tissues. Multiple protoscolices are visible as white spots on the inner surface of the cyst.Fig. 2Fig. 3Detail of a protoscolex extracted from a cyst.Fig. 3

The ITS-2 sequence from the cyst removed from this baboon was 96% similar to an isolate of *T. serialis* from a rabbit in Canada (DQ099571), 88%--98% similar to other *T. serialis* isolates from coyotes in California, USA (DQ099572, DQ099573, DQ099575, DQ099576) and 99% similar to a *T. serialis* isolate from a gelada in Ethiopia (KF414738) ([Table 1](#tbl1){ref-type="table"}). Its similarity with various *T. multiceps* isolates ranged between 83% (e.g. KX377745) and 84% (e.g. KX377752), while the similarity with *T. saginata* isolates ranged between 82% (e.g. AY791899) and 85% (e.g. KU041644). The 12S rDNA sequence revealed a similarity of 99% a *T. serialis* isolate from a gelada from Ethiopia (KF414738), of 98% to a *T. serialis* isolate from a domestic dog from Japan (LC085644) and of 96% to a *T. serialis* isolate (environmental sample) from Germany (EU219546). The similarity to a variety of *T. multiceps* isolates was of 95% (e.g. LC271556, KX377744), while a similarity of 94% with isolates of *T. saginata* (AM902708) and *T. asiatica* (AF445798, AP017670, EF420719) was noted.Table 1Sequence similarity between our sample and other *T. serialis* sequences available in GenBank.Table 1GeneQuery cover (%)Similarity (%)Acc. no.StageHostOriginITS210088[DQ099573](ncbi-n:DQ099573){#intref0015}adult*Canis latrans*California, USA90[DQ099576](ncbi-n:DQ099576){#intref0020}adult*Canis latrans*California, USA96[DQ099571](ncbi-n:DQ099571){#intref0025}larva*Oryctolagus cuniculus*Canada97[DQ099572](ncbi-n:DQ099572){#intref0030}adult*Canis latrans*California, USA98[DQ099575](ncbi-n:DQ099575){#intref0035}adult*Canis latrans*California, USA8099[KF414738](ncbi-n:KF414738){#intref0040}larva*Theropithecus gelada*Ethiopia12S10096[EU219546](ncbi-n:EU219546){#intref0045}eggs*Canis familiaris*Germany98[LC085644](https://www.ncbi.nlm.nih.gov/nuccore/LC085644){#intref0065}not specified*Canis familiaris*Japan9898[LC085837](https://www.ncbi.nlm.nih.gov/nuccore/LC085837){#intref0060}not specified*Canis familiaris*Japan99[AB731674](ncbi-n:AB731674){#intref0050}adult*Canis familiaris*Australia9599[KF414739](ncbi-n:KF414739){#intref0055}larva*Theropithecus gelada*Ethiopia

Our sequences were deposited in the GenBank database, under the Accession numbers MH231230 and MH236068.

The 12S rDNA gene analysis placed our sequence in a clade including various *T. serialis* isolates from several host species originating in North America, Australia, Asia and Africa ([Fig. 4](#fig4){ref-type="fig"}). A second clade included *T. serialis* sequences from North America and Europe and all of the *T. multiceps* isolates. The mean distance within the two clades was of 0.01. The mean distance between the two clades was of 0.0430. The mean distance between the outgroup and the clade was of 2.7487 for the first one and 2.7471 for the second one.Fig. 4Bootstrap consensus tree inferred from 1000 replicates, using the Maximum Likelihood method. The analysis involved 20 sequences of 12S rDNA gene of cestodes having coenurus type larvae (*Taenia serialis* and *T. multiceps*) and one sequence of *Echinococcus granulosus*, as outgroup. For each sequence, the GenBank Accession number, species, developmental stage, host and geographic origin are provided. A total of 320 positions were included in the dataset. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches.Fig. 4

4. Discussion {#sec4}
=============

Lagomorphs (*Oryctolagus cuniculus*, *Lepus europaeus*, *L. townsendii*, *L. americanus*, *L. californicus*, *L. timidus*, *L. callotis*) are traditionally regarded as the typical intermediate hosts for *T. serialis*. However, larval forms were reported in a greater variety of hosts, including rodents (*Sciurus vulgaris*, *S. niger*, *Cricetomys gambianus*, *Chinchilla lanigera*, *Myocastor coypus*, *Dipus sagitta*, *Microtus* sp.), marsupials (*Pseudocheirus peregrinus*, *Macropus giganteus*), ruminants (*Sylvicapra grimmia*), domestic cats (*Felis catus*) and primates (*Macaca sinica*, *Theropithecus gelada*, *Cercopithecus nictitans*, *Homo sapiens*) ([@bib9]; [@bib10]; [@bib21]; [@bib2]; [@bib30]; [@bib13]; [@bib25]). Most of these records assigned the species identification based on the assumed intermediate host specificity, the anatomical location in the intermediate host or the hook size, but according to [@bib25] such criteria should be reconsidered. Molecular approaches to characterize the larval forms of *Taenia serialis* have been performed to date on cysts collected from rabbits ([@bib20]), geladas ([@bib26]; [@bib17]) and humans ([@bib32]). In one case, the cyst was experimentally fed to a domestic dog and *T. serialis* was identified based on the morphology of the adult tapeworms ([@bib28]). In the present study, the species was confirmed by sequencing of two genes. In both cases the highest obtained similarity was with isolates of *T. serialis*, both in adult and larval stage ([Table 1](#tbl1){ref-type="table"}). The phylogenetic analysis ([Fig. 4](#fig4){ref-type="fig"}) of 12S rDNA gene shows the presence of two clades of *T. serialis*. The first, where also our sequence clusters, includes isolates from Africa, North America and Japan. Other *T. serialis* isolates from Europe and North America cluster in the same branch with *T. multiceps* from Africa and Asia. However, the number of 12S rDNA sequences labelled as *T. serialis* available at this time in GenBank is too limited for further conclusions.

The first report of a coenurus in a non-human primate seems to be the one of Cobbold in 1859 (cited by [@bib10]) in the black lemur (*Eulemur macaco*) from Madagascar, as "*Multiceps lemuris*", later synonymized as *T. serialis* ([@bib16]). Subsequently, a coenurus cyst was found in the perineum of a captive toque macaque (*Macaca sinica*) ([@bib21]). Geladas (*Theropithecus gelada*) in Africa are commonly affected by coenurus larvae. [@bib5] and [@bib18], [@bib19] reported coenurus of *T. serialis* in free-ranging geladas from Ethiopia, but at that time, the specific assignation to *Taenia serialis* was not molecularly confirmed. The molecular confirmation of the assignation as *T. serialis* was done in the same gelada population by [@bib26] and by [@bib17]. Moreover, there are surprisingly many earlier reports of coenurus type cysts in wild-caught geladas found in captivity in various zoos or private collections ([@bib27], [@bib28]; [@bib29]; [@bib33]; [@bib7]; [@bib22]; [@bib1]; [@bib4]; [@bib12]; [@bib15]). Additionally, coenurus cysts were reported in the brain of a captive spotted-nose monkey (*Cercopithecus nictitans*), wild-caught from an unspecified location in West Africa ([@bib23]). To our knowledge, this is the first report of coenurus in olive baboons and the first report of this parasite species in Benin.

As in our case the baboon spent most of his life captive in the village, we assume the infection occurred there, as otherwise, the contact with feces of domestic dogs in the typical habitat of baboons is less probable. However, this highlights the importance of assessing the detailed history of the animal prior to their transfer to rescue centers. Moreover, as the dogs seem to be the primary source of infection for intermediate hosts, we highlight the importance of controlling the access of dogs in the recuse centers, as larval *T. serials* can seriously impact the health and welfare of primates. [@bib6] and [@bib24] have shown that the parasitism with larval *T. serialis* is an important cause of adult and infant mortality in wild geladas. [@bib17] demonstrated also a decreased reproductive success in wild geladas infected with larvae of *T. serialis*. The prevalence in a gelada population from Ethiopia varied according to the age group from 3.2 to 24.1%, with adults being more commonly affected ([@bib6]). In another study, the overall prevalence was 14%, with adults and females more commonly affected than young and males, respectively ([@bib24]). The overall average prevalence (evaluated as "visible swellings") in the gelada population was 9.8% and 10.6%, in two studies performed in two different seasons ([@bib6]). Coenurosis was reported also as a case of mortality ([@bib29]; [@bib33]; [@bib7]) or as a reason for euthanasia ([@bib28]; [@bib4]; [@bib15]) in geladas from zoos. The presence of multiple large cysts can affect the animals' ability to move, even in free-ranging individuals ([@bib19]) or can induce limb paralysis ([@bib7]). Some cysts readily ulcerate, become infected and suppurate, causing evident pain and discomfort to the animals, with risk of septicaemia ([@bib28]; [@bib33]; [@bib7]; [@bib4]; [@bib19]). As geladas are phylogenetically related to baboons ([@bib36]), we may expect similar pathology and clinical signs of coenurosis in these two primate speices.

Given the relatively common occurrence in African primates, the apparently low intermediate host specificity and the ubiquity of free-ranging dogs across Africa, the zoonotic risk associated with *T. serialis* and its real impact should be further investigated. Coenurus type larvae have been reported on various occasions in humans in Europe, Africa, Middle East and the Americas (list of records in [@bib25]). However, only one study in humans was able to confirm molecularly the larvae as belonging to *T. serialis* ([@bib32]).

5. Conclusion {#sec5}
=============

The present study reports a new host new geographical record for the larval form of *T. serialis*. As an addition to the previously known presence of *T. serialis* larvae in wild primate populations, our study brings further evidence that this parasite can circulate also in captive wildlife around human settlements. Given the apparent flexibility in host selection, we recommend a more in-depth parasitological diagnosis for larval cestodes found in humans. Human coenurosis is probably more common in Africa than currently estimated, as coenurus larvae could be easily misidentified by medical personnel with other larval cestodes (e.g. cysticercus type), or, in the majority of cases, the post-surgical identification may not be attempted. Further genetic studies from multiple geographic isolates are needed to clarify the taxonomic status of this group.
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